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RESVLTS OF SUPERSONIC ASCENT 
A I R  DATA SYSTIB CALIBRATION TESTS 

WSING THE 0.07-SCALE 
E X T W  TANK POKEBODY YODEL 68-T 
XS THE 9x7 ANI 8x7 FOOT LEGS 

OF THE AMES RESEARCH CENTER UNITARY PLAN 
WXND TUNNEL (IA131B/C) 

by 

John Marroquin 
Rockwell I n t e r n a t i o n a l  

Space Transportation 6 Systems Group 

ABSTRACT 

This document p re sen t s  r e s u l t s  of wind tunnel  tests on a 0.07-scale model 

of t h e  Space S h u t t l e  External Tank Forebody (Model 68-T), conducted i n  t h e  

9x7 and 8x7-foot legs of the NASA/Ames UPWT during t h e  period November 5, 

1978 th ru  March 14, 1979.. 

The test ob jec t ive  was t o  obtain a supersonic c a l i b r a t i o n  of the Ascent 

Air Data System ( W S )  through the Mach range 1.55 t o  3.5. 

The AADS provides f l i g h t  information on the STS launch v e h i c l e  Mach number, 

angle-of-attack, angle-of-sideslip and freestream s t a t i c  and dynamic pres- 

sures; all of which are measured by a p i t o t  and four static pressure ports 

on the 30° half-angle sp ike  which completes the e x t e r n a l  tank nose. 

add i t ion ,  an a l t e r n a t e  AADS was invest igated which consis ted of four  

s t a t i c  p re s su re  taps  located 90 apart a t  ET S t a t i o n  430. A l s o ,  shock 

In 

0 

detachment d i agnos t i c  information was obtained from t h ree  s ta t ic  p res su re  

t a p s  located on t h e  tank 40' nose cap bottom G, a t  XT- 346, 356 and 366. 

F i n a l l y ,  a brief tunnel flow survey was conducted i n  t he  v i c i n i t y  of the 

AADS spike l o c a t i o n  using the Rosemount standard probe and the 0.36-scale 

f l i g h t  tes t  probe. 
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XOMENCLATLW 

SYMBOL 

a 

B 

B.P. 

CP 

MNEMONI c 

AADS 

ALPHA 

BETA 

B .P. 

CP 

CPAA 

D E F I N I T I O N  

ascent  a i r  da ta  system 

model angle-of-attack, degrees 

model angle-of-sideslip,  degrees 

model b u t t  plane,  inches 

pressure coe f f i c i en t ,  general  (P - Pw) /qoD 

average spike p i t c h  plane s t a t i c  pressure 
coe f f i c i en t  (CPB-(DCPA/2)) 

CPABA average spike s t a t i c  pressure  c o e f f i c i e n t  
(CPAA + CPBA) f 2 

CPAAT average tank ogive p i t c h  plane s t a t i c  pressure 
coe f f i c i en t  (CPBT - (DCPAT/2) ) 

CPABAT average tank ogive s t a t i c  pressure  c o e f f i c i e n t  
(CPAAT + CPBAT)/2 

CPAVGX 

CPB , CPBT spike ,  tank ogive lower (bottom) static pressure 
coe f f i c i en t  'Plower 

CPBA average spike yaw plane s t a t i c  pressure co- 
e f f i c i e n t  (CPR-(DCPB/2)) 

CPBAT average tank ogive yaw plane s ta t ic  pressure 
c o e f f i c i e n t  (CPRT-(DCPBT/2)) 

CPB-U, CPAD (CPB - CPU) 
CPB5 

p i  
C CPI, CPXT model s t a t i c  pressure  c o e f f i c i e n t s ,  i = 1, 2, 

3, 4 on tank ogive a t  M.S. 30.1 where x = B, L, 
U, R which represents  bottom, l e f t ,  upper, and 
r i g h t ,  respec t ive ly  

tank 40 
j = 9 ,  10, 11 

0 conic cap pressure c o e f f i c i e n t ,  C 
p j  

CP J 

%ef t  CPL , CPLT spike,  tank ogive l e f t  s t a t i c  pressure coe f f i c i en t  

6 



NOMENCLATURE (Continued) 

SYMBOL MNEMONIC 

CPR , CPRT ‘Pxight 

CPRL 

CPR-L, CPBD 

CPSD 

CPSF 
‘’sf CPSFO 

CPSRA 
CPSRA() ‘Psra 

CPSRF 
cpsr CP SRF ( ) 

CPT, CPTT ‘Ppitot 

CPT2 

CPU, CPUT 

CPX 

‘pup per 

cPX 

DEFINITION 

spike,  tank ogive r i g h t  s ta t ic  pressure c o e f f i c i e n t  

[1/2(CPR + CPL)] 

(CPR - CPL) 

[ (PAAVE - P) /PAAVE] 

f l i g h t  t e s t  probe average s t a t i c  pressure co- 
e f f i c i e n t  as determined from a t o t a l  of 9 readings.  
When followed by a 1, 2, o r  3, represented by t he  
(), the value is e i t h e r  an average, IA131B, o r  
a .sum, I A 1 3 1 C ,  of t h r e e  readings recorded on 
scanivalve 1, 2 or 3. 

Rosemount standard average a f t  s t a t i c  pressure 
coe f f i c i en t  as determined from a t o t a l  of 9 
readings. When followed by a 1, 2, o r  3, repre- 
sented by t he  (1, the va lue  is e i t h e r  an average, 
IA13lB, o r  a sum, IA131C, of t h ree  readings recorded 
on scanivalve 1, 2 or 3. 

Rosemount standard average forward s t a t i c  pressure 
coe f f i c i en t  a s  determined from a t o t a l  of 9 
readings. When followed by a 1, 2, or  3, repre- 
sented by the (), t he  va lue  is e i t h e r  an average, 
IA131B, or  a sum, IA131C,  of t h r e e  readings recorded 
on scanivalve 1, 2 o r  3. 

sp ike  p i t o t  pressure c o e f f i c i e n t  

f l i g h t  test probe average total pressure coeffi- 
c i e n t  a s  determined from a t o t a l  of 9 readings.  
When followed by a 1, 2, o r  3, represented by the 
(), the value is e i t h e r  an average, IA131B, o r  a 
sum, IA131C, of t h r e e  readings recorded on scani- 
valve 4. 1 is the f i r s t  t h r e e  values ,  2 the  next 
t h ree  values and 3 t h e  f i n a l  t h ree  values.  

t o t a l  pressure c o e f f i c i e n t  behind the normal 
shock [ (PT2 - P/Q(PSF)] 

spike,  tank ogive upper s t a t i c  p r e s s u r e  c o e f f i c i e n t  

spfke s t a t i c  pressure c o e f f i c i e n t ,  x = T ( p i t o t ) ,  
U(upper), B(lower), U l e f t ) ,  R(r ight)  

7 



NOKEWCLATURE (Continued) 

SYMBOL r n M O M I C  

CPADT 'Pl-3 

C CPBDT 
p4-2 

DPAS A 
p,5 

*CP, DCPA 

DP A7 
A 
P 
9 

AC DCPAT pay. 
DPB6 hp 86 

DCPB 

DPB8 
*0 

AP 

DCPBT 

Api DPI 

*Pj DP J 

'P,f DPSF 

'Psra DPSRA 

DPSRF 'Psrf 

DPTF 

DPX 

DEFINITION_ 

(CPl-CP3), tank ogive differential pressure 
coefficient in pitch plane 

(CP4-CP2), tank ogive differential pressure 
coefficient in yaw plane 

spike differential pressure transducer measure- 
ment (PB-PU), psf 

spike differential pressure coefficient; (DPAS/Q) 

tank ogive differential pressure transducer measure- 
ment (Pl-P3), p s f  

tank differential pressure coefficient; (DPA7/Q) 

spike differential pressure transducer measurement 
(PR-PL) , psf 

spike differential pressure coefficient ; (DCPB/Q) 

tank ogive differential pressure transducer measure- 
ment (P4-P2), psf 

tank differential pressure coefficient; (DPB8/Q) 

tank ogive differential pressure measurement 
(PI-PC), psf, f - 1, 2, 3,  4 

tank 40° conic cap differential pressure measure- 
ment (PJ-PC), psf, j = 9 ,  10, 11 

flight test probe differential pressure measurement 
(PSF-PC) , p s f  

Rosemount aft static differential pressure measure- 
ment (PSRA-PC) , psf 
Rosemount forward static differential pressure 
measurement (PSW-PC) , psf 

flight test probe differential pressure measure- 
nent (PTF-PT) , psf 

spike differential pressure measurement at tap 
x, Psf, X = T ( p i t o t ) ,  ll(upper), B(lower) 
R ( r i g h  t) 

L ( l e f t ) ,  



NOMENCLATURE (Continued) 

SYMBOL MNEMONIC 

DCPBU 

DCPFU 

DCPBUT 

DCPRLT 

EOHT. . 

EQ= 

ET 

FT 

FO, 1, 2 

Go2 

Mm MACH 

MIND 

M.S. 

N 

P,PS P- 

PAVGI 

PAVGX 

PAAVE 

PB 

PC 

Plower 

Q 

Pi 

PCAL 

P H I  

PI 

DEFINITION 

l o c a l  s p l i n e  curve f i t  s lope  of DCPA 

l o c a l  s p l i n e  curve f i t  s lope  of DCPB 

local s p l i n e  curve f i t  slope of DCPAT 

l o c a l  s p l i n e  curve f i t  s lope  of DCPBT 

ex terna l  oxygen hydrogen tank 

Data Reduction s e c t i o n  equat ion number, 
XX 11-23, 33-48, 58-63 

externa l  tank (EOHT) 

f l i g h t  test probe (0.36-scale Rosemount) 

crossflow curve f i t  cons tan ts  

gaseous oxygen 

tunnel f reestream Mach number 

indicated l o c a l  Mach number 

model s t a t i o n  

t o t a l  model normal fo rce ,  lbs. 

tunnel f reestream s t a t i c  pressure ,  p s fa  

1/4(P1 -I- P2 + P3 + P4) 

I/O(PBT f PUT + PRT + PLT) 
[PB + 1/2(PlJ - PB)] 
spike lower s t a t i c  pressure ,  p s fa  

tunnel plenum chamber s t a t i c  pressure ,  ps fa  

transducer c a l i b r a t i o n  pressure ,  psfa 

model r o l l  angle ,  degrees  

tank ogive pressure ,  p s fa ,  i = 1, 2 ,  3, 4 

9 



XOMENCLATUFE (Continued) 

SYMBOL &INMOKIC 

PJ pj 

P l e f t  PL 

POINT 

PREF 

PR 

PSF 

PSRA 

PSRF 

'r ight 

Psf 

Psra  

Psrf 

Pt, PT 

Ptf PTF 

PTTPT2 

PTT 

PT2 

'p i to t  

p t 2  

Pupper Pu 

Q C f Q  

Q- Q(+SF), Q 

Re/ f t  RN/L,RN/FT 

RUN 

S 

STD 

T t  TTF 

W.P. 

DEFINITION 
0 tank 40 conic cap pressure ,  ps fa ,  j = 9 ,  10, I1 

sp ike  l e f t  s t a t i c  pressure,  ps fa  

a s ing le  record of a l l  test parameters 

reference pressure,  p s fa  

sp ike  r i g h t  static pressure ,  p s f a  

flight test prohe s t a t i c  pressure ,  p s fa  

Rosemount standard a f t  s ta t ic  pressure ,  p s fa  

Rosemount etandard forward s t a t i c  pressure,  p s fa  

tunnel f reestream t o t a l  p ressure ,  psfa 

f l i g h t  test  probe t o t a l  pressure,  p s fa  

(PTT/PTZ) 

sp ike  p i t o t  pressure;psfa 

tunnel  t o t a l  p ressure  behind t h e  shock, p s fa  

spike upper s t a t i c  pressure ,  p s f a  

tunnel  condi t ion [ (PT2-P) /Q(PSF) 1 
tunnel  f reestream dynamic pressure ,  psfa 

tunnel  u n i t  Reynolds number x 10 -6 -I f t .  

a da ta  subset containing v a r i a t i o n s  o f  only one 
independent number 

t o t a l  model s i d e  force, lbs. 

Rosemount standard s ta t ic  probe 

tunnel  freesteam t o t a l  temperature, F 

model water plane,  inches 

0 

10 



SUBSCRIPTS 

a 

B 

HOMENCLATLTRE (Concluded) 

alpha-sensitive pressure taps: pupper, plower, 
o= PlY P3 

' left ,  'right, beta-sensitive pressure taps: 
or P4r P2 

tank ogive pressure tap, i = 1, 2, 3 ,  4 

tank 40' conic cap pressure tap,  j = 9 ,  10, 11 

data point numberat a, or Bn 

sp ike  pressure t a p s  where x = T ( p i t o t )  , U(upper), 
B(  lower) , L(1ef t) , R(right) 
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REMARKS 

All of the  I A l 3 1 B / C  test object ives  were success fu l ly  achieved. Timely 

r e c e i p t  of these d a t a  allowed development and release of a supersonic 

AADS c a l i b r a t i o n  for STS-1. The Ascent A i r  Data System Substant ia t ion 

r e p o r t  ( reference 5) presents  the e n t i r e  d a t a  base used t o  develop t h e  

c a l i b r a t i o n .  

A t  t he  conclusion of IA131B&C, the re  w a s  some concern about r e t e s t i n g  

the M=1.6 t o  2.5 por t ion  (IA131B) t o  v e r i f y  a l a r g e  B flow tare not con- 

s i s t e n t  with Ames' previous experience. It was decided later t h a t  flow 

t a r e  retest would only provide a possible  b e n e f i t  t o  improving the  d a t a  

accuracy of M11.7 and 1.8. Also, it was concluded that there would not 

b e  a s i g n i f i c a n t  impact on sys tem accuracy without add i t iona l  d a t a .  

Reference 6 documents the conclusion t h a t  a flow tare retest w a s  not 

e s s e n t i a l .  



INTRODUCTION 

This repor t  p re sen t s  r e s u l t s  of c a l i b r a t i o n  tests f o r  the Ascent Air 

Data System (AADS) conducted using a 0.07-scale Space S h u t t l e  External  

Tank Forebody (Model 68-T) i n  the NASA/Ames UPWT from November 5 ,  1978 

thru March 14, 1979. 

The manifold purpose of these tests was t o  determine the supersonic 

c a l i b r a t i o n  of the Space Shut t le  Ascent Air Data System. This was 

accomplished by f i r s t  determining the bes t  c a l i b r a t i o n  parameters f o r  

da t a  reduction, and then inves t iga t ing  an alternate pressure measurement 

locat ion.  Diagnostic information regarding shock detachment w a s  ob- 

tained and a b r i e f  tunnel  survey i n  the v i c i n i t y  of the  AADS sp ike  w a s  

performed using the Rosemount standard probe and the  0.36-scale f l i g h t  

test probe t o  f u r t h e r  enhance the da t a .  

Testing w a s  conducted with four (4) model configurat ions i n  t h e  9x7- 

foo t  tunnel  and th ree  (3) model configurat ions i n  the 8x7-foot tunnel 

as shown i n  Table 11. 

The model was t e s t ed  a t  angles-of-attack from -14.5O to +14.S0 and s i d e s l i p  

angles up t o  512 . Mach number va r i ed  from 1.55 t o  3.5 a t  Reynolds 

numbers up t o  4.1 x 10 per foot.  

0 

6 

The general  arrangement of the ex te rna l  tank, the o r b i t e r  a i r  d a t a  probes 

and the f l i g h t  test a i r  d a t a  boom a r e  presented i n  Figures 2a, 2f and 2g. 

The survey probe tunnel i n s t a l l a t i o n  is shown in Figure 2h. 

13 



The test a r z i c k  w a s  a 3.07-scale aluminum r e p l i c a  of t he  space s h u t t l e  

t r a n s p o r t a t i m  systen ex te rna l  tank forebody as shown i n  Figure 2a and 

2b. T n e  ex te rna l  tank forebody l i n e s  are def ined i n  Rockwell Drawing 

VC78-000002, revised by ICD-2-00001, R e v i s  i o n  D , and add i t iona l  "PIRN" 

data  as approved by Martin Marietta.  Numerical design l i n e s  of the tank 

ogive are BCD-V78-030-002 and -003. 

dupl icated from t h e  nose back t o  ex terna l  tank s t a t i o n  819.63. 

vent l i n e  and e l e c t r i c a l  t r a y  shown i n  Figure 2c and 2d were simulated 

from the  f a i r i n g  a t  the cone-ogive-interface a f t  t o  the  c y l i n d r i c a l  

s ec t ion  beginning at XT = 760.35. 

819.63, then tapers s l i g h t l y  ro t h e  sting at station 1119.67. 

louvers on t h e  40° cone are simulated and the  cable  t r a y  f a i r i n g ,  e lec-  

t r ica l  t r a y  and GO2 vent  l i n e  and supports  are removable. Photographs 

of t h e  model i n s t a l l e d  i n  the  tunnel are included as FIgures 3a, b ,  and 

The e x t e r n a l  tank forebody l i n e s  a r e  

The GO2 

The p l a i n  cy l inder  extends t o  XT 

The 

C. 

I n  order t o  survey  the  tes t  sec t ion  flow f i e l d  i n  t h e  v i c i n i t y  of the  

ex te rna l  tank nose, the  forebody model was removed from t h e  tunnel  

and replaced by two pressure probes. The Rosemount Standard S t a t i c  

Probe (Figure 2 f )  and a 0.36-scale F l igh t  Test Probe (Figure 28) were 

mounted together  as shown i n  Figure 2h. Figure 3d and 3e are photo- 

graphs of this i n s t a l l a t i o n .  

I n  t o t a l ,  four  (4) model and survey probe conf igura t ions  were tes ted :  

14 



CONFIGURATIONS INVESTIGATE3 (Concluded) 

1. External Tank Forebody (T41) with simulated louvers 

open, c a b l e  t r a y ,  cable t r a y  f a i r i n g  and GO2 l i n e  

i n s t a l l e d .  

2. External  Tank Forebody (T41) wi th  simulated louvers 

open and with cable  t r ay ,  cable  t r a y  f a i r i n g  and GO2 

l i n e  removed. 

3.  External Tank Forebody (T41) with simulated louvers f i l l e d  

i n  and with cable tray,  cable t r a y  f a i r i n g  and GO2 l i n e  

removed. 

4. Rosemount Standard S t a t i c  Probe (PR12) and the 0.36-scale 

F l igh t  T e s t  Probe (PR4) with Model (T41) out  of tunnel. 

The above l i s t e d  configurations consis ted of model components and probes 

whose nomenclature and descr ipt ions are l i s t e d  below: 

PR4 

PR12 

Nomenclature Descr ipt ion 

' T41 External Tank Forebody w h i c h  includes the GO2 
vent line, e lec t r ica l  cable tray and supports,  
cable  tray f a i r i n g ,  and simulated louvers.  
Tank i n t e r s t a g e  s t r u c t u r e  and other  protuberances 
and penetrat ions w e r e  not simulated.  

F l i g h t  t e s t  probe scaled to a 0.36 SSV Orb i t e r  
model. 
(Pressures i n d i c a t i v e  of angle  were not sensed). 

Rosemount s tandard s ta t ic  probe contains  s t a t i c  
pressure o r i f i c e s  a t  two probe s t a t i o n s .  

Probe has p i t o t  and s ta t ic  o r i f i c e s .  

Dimensional d a t a  f o r  t he  above components may be found i n  Table 111. 
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INSTRUMENTATION 

Instrumentation u t i l i z e d  f o r  t h i s  test consis ted of fo rce ,  pressure,  

temperature, and a t t i t u d e  measuring equipment. A t a s k  6 component 

f o r c e  balance w a s  i n s t a l l e d  i n  the model as shown i n  Figure 2a. The 

loads information w a s  obtained s o l e l y  as a means of determining def lec-  

t i o n s  of t h e  model support system i n  the  p i t c h  and yaw planes.  

model moment reference cen te r  w a s  located a t  the cen te r  of t he  balance: 

XT = 54.494, YT = 0.0, ZT = 28.00. 

ferenced t o  t h i s  point. 

The 

A l l  f o rces  and moments were re- 

The forebody model instrumentation consis ted of 1 2  pressure t a p s .  

Locations are d e p i c t e d  i n  Figure 2e. T h e r e  w e r e  t w o  pressure measure- 

ments on each probe as shown i n  Figures2f and 2g.  Pressure t ap  loca t ions  

and i d e n t i f i c a t i o n  a r e  l i s t e d  i n  Table I V .  

All model pressures were measured with twelve (12)  i nd iv idua l  Statham 

PM131TC transducers mounted i n  ind iv idua l  holders .  I n  add i t ion ,  four  

( 4 )  25 psid individual d i f f e r e n t i a l  p re s su re  transducers measured the 

d i f f e rence  i n  pressures  between lower and upper p o r t s  and r i g h t  and l e f t  

p o r t s  on t h e  tank,spike,  and on the tank ogive. 

The four  ( 4 )  d i f f e r e n t i a l  transducers were instal led with the  other  1 2  

t ransducers  i n  a thermally control led container ,  maintained a t  a nominal 

c o n t r o l  temperature of approximately 118'F. 

was c y l i n d r i c a l  with an i n t e r n a l  framework t h a t  suspended a transducer 

support  bracket b y  four spr ings.  

around the inside surface of the container and w a s  maintained a t  a constant  

The instrumentation container  

A 110 VAC hea te r  blanket was wrapped 
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1NSTRb.iNTATION (Concluded) 

temperature by a thermal cont ro l le r .  

t o  a p l a t e  near the  transducers. One provided temperature d a t a  f o r  t h e  

feedback loop of t he  thermal cont ro l le r .  The o the r ,  fas tened to t he  in- 

s i d e  of t h e  model near the  instrumentation conta iner ,  monitored model 

temperature during the  tes t .  

Two I/C thermocouples were at tached 

Rosemount s ta t ic  probe and f l i g h t  test probe pressure  d a t a  were measured 

by four 52.5 psid d i f f e r e n t i a l  pressure t ransducers  (two f o r  each probe) 

mounted i n  an Ames suppl ied scanivalve assembly. 

Primary model a t t i t u d e  was  determined from f a c i l i t y  model support  read- 

outs  and s t i n g  def lec t ions  determined from t he  model balance output.  

Backup model a t t i t u d e  information w a s  obtained i n  the 8x7 f o o t  tunnel  

only by an ARC pendulum type angle transducer i n s t a l l e d  in s ide  the  a f t  

boa t  tail por t ion  of the model. 

The on-line d a t a  reduct ion for  each run was obtained by using t h e  ARC 

DEC computer i n  the  (9x7-ft.) and t h e  Beckman System i n  the  8x7-ft. tunnel.  

The o f f - l i ne  ca l cu la t ions  were provided by the ARC IBM 360 computer. 
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m - ALST FACILITY DESCRIPTION 

The h e s  9x7-Foot Supersonic Wind Tunnel is a v a r i a b i e  dens i ty ,  con- 

tinuous-flow tunnel  with an ad jus t ab le  nozzle  t o  permit supersonic t e s t i n g  

over a Mach r m b e r  range continuously v a r i a b l e  from i . S  t o  2.5. 

nozzle is of t h e  asymmetric, sl iding-block type i n  which the v a r i a t i o n  

?'he 

of the test  sec t ion  Mach number is achieved by t r a n s l a t i n g ,  i n  the stream- 

wise d i r e c t i o n ,  the fixed-contour block t h a t  forms the f l o o r  of t he  

nozzle. 

The Ames 8x7-Foot Supersonic Wind Tunnel is a closed-return,  var iable-  

densi ty  tunnel with an 8x7-foot rectangular  test sec t ion .  The nozzle 

has f l e x i b l e  s i d e  w a l l s  with fixed upper and lower surfaces .  Mach 

number range is continuously v a r i a b l e  from 2 .45  t o  3.5. 

pressure can be varied from 0.3 t o  2.0 atmospheres and Reynolds number 

p e r  foo t  varies from 1.0 x 10 t o  5.0 x 10 . 

Tunnel s tagnat ion 

6 6 

Model mounting i n t e r f a c e s  and d a t a  a c q u i s i t i o n  systems a r e  simllar i n  

each of t h e  sec t ions ,  so t h a t  a modellst ing assembly can usual ly  be 

t e s t ed  i n  each without major a l t e r a t i o n s .  

general  from s t i n g s  mounted t o  a body of r evo lu t ion  on a f l o o r  t o  c e i l i n g  

s t r u t  system i n  the 8x7 sec t ion  and a w a l l  t o  w a l l  s t r u t  i n  t h e  9x7 l e g .  

Models are supported i n  

I n t e r n a l  s t r a i n  gauge balances are used t o  provide f o r c e  and moment da t a .  

Scanivalves can be used t o  record p res su re  d a t a  i n  addi t ion t o  individual  

pressure transducers. 



TEST PROCEDURE 

Before the tests began, calibration and checkout of all model pressure 

and temperature instrumentation was performed at the Loa Angeles Division 

of Rockwell International. 

shipped to the NASA/Ames Research Center where model/system reliability 

was demonstrated. 

The model and a l l  test equipment was then 

After receipt of the model and test hardware at ARC, additional checkout 

procedures and model preparation took place. 

hardware were installed in the test section: 

TIie following pieces of 

1. Ames So Primary Adapter 

2. Rockwell Sting #W-1148s-3 

3. 

4. Rockwell Adapter #W;-1148S-5 

5. Ames 4.0" MKIV Balance 

Rockwell 5' Bent Adapter #Wk1148$-4 

Prior to model installation on the balance, calibration of the Roclcwell 

W-1148s-3 sting 9' force balance was accomplished by ARC personnel. 

This weight/deflection calibration was performed in the tunnel using test 

hardware and data reduction system. 

A sketch of model 68-T installed on the above hardware in the ARC (8x7) 

and 9x7-ft. tunnels is shown in Figure 2a. 

After installing the model on the balance, measurements of tunnel/model 

pitch and yaw alignment, model pitch angle calibrations, and pressure 

transducer calibrations were made, a complete pressure tap leak and 
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TEST PROCEDURE (Conclsded) 

con t inu i ty  check w a s  a l s o  performed. 

Before test data were obtained, the f a c i l i t y  made "dust blow" runs t o  

determine the amount of particle contamination i n  the tunnel airstream. 

These runs were made with a nylon nose plug i n  p l ace  of the  model AADS 

conic spike to  prevent particle damage t o  the probe, 

Data w e r e  obtained t o  determine tes t  s e c t i o n  flow a n g u l a r i t i e s  by varying 

t h e  model angle of a t t a c k  and s i d e s l i p  with the model r o l l e d  t o  

90' (8x7 only) and 180°. 

which t h e  model angle of a t t a c k  wa6 varied from -14.5 t o  +14.5 degrees a t  

nominal constant angles of s i d e s l i p  of -12 t o  +12 degrees,  

O o 9  

Basic da t a  w a s  obtained over an a/B matrix i n  

A s epa ra t e  i n s t a l l a t i o n  of t h e  survey probes w a s  made by removing the 

model and i n s t a l l i n g  the.dua1 probe holder i n  t h e  model s t i n g  support .  

The probe hardware was designed and f ab r i ca t ed  by Rockwell. 

system has t h e  c a p a b i l i t y  of r o l l i n g  and t r a n s l a t i n g  t h e  probe holder to 

ob ta in  p i t o t  and s t a t i c  information a t  f i v e  d i f f e rence  2 l oca t ions  as 

shown i n  Table 11. 

The support 
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DATA REDUCTION 

Data measured and recorded during test IA131B & C consis ted of t h e  

following : 

1. Tunnel freestream conditions and parameters 

2. 

3. 

4. 

5 .  Tank ogive s t a t i c  pressures 

6. 

7. Model and pressure transducer container temperatures 

8. Rosemount standard s t a t i c  probe pressures  

Force balance d a t a  (for s t i n g  d e f l e c t i o n s )  

Model p i t ch ,  yaw and r o l l  a t t i t u d e s  

Tank spike p i t o t  and s t a t i c  pressures  

Tank 40° conic cap diagnost ic  s ta t ic  pressures  

9.  0.36-scale f l i g h t  test probe s t a t i c  and t o t a l  p re s su res  

Tunnel f reestream condi t ions and parameters w e r e  reduced using ARC/UPWT 

standard d a t a  reduction techniques, 

were also reduced, using standard f a c i l i t y  d a t a  reduct ion techniques,  

to provide co r rec t ions  t o  angle-of-attack and s i d e s l i p  angles  due t o  

sting deflections under load. Corrected angle-of-attack was also com- 

puted on t h e  b a s i s  of the,dangleometer output i n  the  8x7-foot tunnel.  

No aerodynanic c o e f f i c i e n t  data  were obtained. 

Six-component fo rce  balance d a t a  

The d a t a  presented i n  t h i s  report  are not  corrected f o r  tunnel  flow 

angular i ty .  

4, and applied t o  a l l  data  used i n  t h e  Rockwell Ascent A i r  Data System 

Subs tan t i a t ion  Report (Reference 5). 

L 

Adjustments f o r  flow angu la r i ty  are d e t a i l e d  i n  r e fe rence  
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DATA REDUCTION (Continued) 

All probe and model pressures  w e r e  reduced t o  s tandard coe f f i c i en t  form. 

Readings from each pressure  t ransducer  w e r e  presented as d i f f e r e n t i a l ,  

and absolute  pressures  except f o r  t h e  four  pressure  t ransducers  (DPS, 6,  

7, 8) which sensed only the  d i r e c t  d i f f e r e n t i a l  between model or  probe 

pressures ,  

The following add i t iona l  data reduct ion  parameters were ca lcu la ted  by t h e  

f a c i l i t y :  

Tank Spike Pressures  

P r e s s u r e  C o e f f i c i e n t s  and Ratios: 

- 
i p, pa7 ; CPTT, CPU, CPB, 

cPX QaJ 

where x = p i t o t ,  upper, lower, 

PB - PU - PTT - Px; - 
POD P ’  P ’  P ’  

PB - PU PTT 
PT ’ PT ’ PT ’ - - Px -. 

PT,’ 

Px -. 
ppi;ot 

PB - PU 
PTT’ PTT’ 
- 

(4 
CPL , 

l e f t  , 

PL - 
P ’  

PL 
PT ’ 

PL 
PTT’ 

- 

- 

( e )  

CPR 

r i g h t  

PR - 
P ’  

PR 
PT ’ 

PR 
PTT ’ 

- 
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DATA EIXJCTIOB (Continued) 

Decrements: 

Ppitot - Pp,. 
Pgitot - px 

- 

Ppltot - Pt,. 
Ppltot - Pxa 

- #  

= EQ14 PAVGX - P 
P'IT - PAYM 

PAAVE - P Eqls 
PTT - PA- 

= EQ16 P!R! - PT 
P!LT - PAmM 

= EQ17 P T T - P T  
Pm - PAAVE 

= EQ22 Ppitot - %. Fm - PT 
Ppltot ' m  

I 
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DATA REDUCTION (.Cont%nued) 

Miscellaneous Calibration Parameters : 

Mind 

or 

MIND E 

Averages and slopes: 

2PB-DPAS PAAVE-PS where PAAVE 0 Q 

Q 

Q 

CPAA = 

2PR-DPB6 PBAVE-PS where PBAVE = CPBA = 

PAAVE f PBAVE 
2 where PAVE = CPAEiA = 

DCPBU and DCPRI, are the spline curve f i t  local slopes for DCPA a d  DCPB, 

reepectively. 

sweep variable is evaluated at each point. 

The derivative of the spline cune f i t  with respect to  the 
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DATA REDUCTION (Continued) 

Tank Ogive Pressures 

Pressure Coefficients and Ratios: 

(a) (b) (c> (d) (e) ( f )  (g) 

Pi i - pe 
; CPBT CPLT CPUT CPBT CP9 CPlO CPll = ’.I 

= 1-4, j = 9-11 and ports 1-4 are bottom, left, upper and 

‘Pi, j &o 

i 
right tank locations,respectively 

p i  
Pm ’ 
-. 

Pi . 
- 9  

*TOY 

PBT PLT pRT 
PT 

L_ 

PT PT PT 

pi . - PBT PLT K T .  - 
3 PTT PTT PTT PTT 
‘?itOt 

Decrements : 
- 
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DATA REDUCTION (Continued) 

P1 - Pee 
9 

Ppi to t  

PTT - PT 

PTT - P1 
= EQ61 

PAVGI - P 
PTT 

* EQ62 

EQ63 P1 - P 

PTT 

Averages and slopes:  

PAAVET-PS where PAAVET * CPAAT = 

PBAVET-PS where PBAVET = CPBAT = 

where PAVET = CPABAT = 

Q 

Q 

Q 

2PBT-DPA7 
2 

2 

2 

2PRT-DPB8 

PAAVET + PBAVET 

DCPBUT and DCPRLT are the s p l i n e  curve f i t  l o c a l  s lopes  f o r  DCPAT and 

DCPBT, respect ively.  The de r iva t ive  of the s p l i n e  curve f i t  with 

respect t o  the  sweep v a r i a b l e  is evaluated at each po in t .  

Beyond t h e  f a c i l i t y  computed values, Chrysler DATAMAN has ca l cu la t ed  nine 

c a l i b r a t i o n  parameters i d e n t i f i e d  by JSC engineers.  

have been computed f o r  Mach, a, B i n t e rpo la t ed  d a t a  only t o  provide t h e  

v a r i a t i o n  of t h e  parameters with r e spec t  t o  t h e  t h r e e  primary test var i -  

These parameters 

ables .  They have been calculated f o r  the sp ike  probe only and 

presented i n  the  appendix immediately following t h e  b a s i c  da t a .  

are 

The 
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DATA REDUCTION (Concluded) 

following equations define the nine calibration parameters. 

DP85 * p a 5  CP&pH =-  = - 
PTT PTT 

DPB6 "$6 CPBETA = = - PTT 

PTT CPMACH = PAAVE 

CPSD = PAAVE-PS Static P r e s s u r e  D e c r e m e n t  i n  pitch plane 
PAAVE 

CPTD = PTT-PT2 Total P r e s s u r e  D e c r e m e n t  
PTT 

PBOPS = ?B/PS 

PTOPS = ITT/PS 

DPAOPC = DPA5/PS 

DPBOPS = DPB6/PS 
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DATA PRESENTATION 

A very comprehensive ana lys i s  of the AADS c a l i b r a t i o n  parameters has 

been accanplished and is  documented i n  Chrysler DATAMAN Special  Request 

SPRTSI . 
It is considered unnecessary t o  repeat t h a t  documentation here. 

r epor t  p resents  t he  bas i c  data for the  spike probe, t h e  external tank 

nose and t h e  two pressure  probes along with the  tunnel condi t ions.  

Additionally, t h e  JSC requested ca l ibra t ion  parameters are presented. 

However,it should b e  pointed ou t  tha t  from the  bas i c  d a t a ,  any des i red  

c a l i b r a t i o n  parameter can be calculated. 

used t o  i d e n t i f y  t h e  d a t a ,  

This 

The following key can be 

1st Character Data S e t  
Data Se t  I d e n t i f i e r  Con t e n t s  

A 

B 

C 

I 

3 

P 

Q 
R 

T 

Tunnel Conditions 

Spike Probe Basic Data 

Spike Probe Averaged and Sloped Data 

Tank Ogive Basic Data 

Tank Ogive A v e r a g e d  and S l o p e d  D a t a  

Tank 40' Cone Basic Data 

Rosemount Standard Probe Basic Data 

Fl ight  Test Probe Basic Data 

Cal ibrat ion Parameters 
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TtST CWDITlONS 

L 

REYNOLDS NUMBER DY WAMlC PRESSURE STAGNATION TEMPERATURI 
MACH NUMBER (per unit length) rDoundrift2) (degrees Fahrenheit) 

I 

1.55 2.5 x 10 i 560 120 6 

3.7 i 840 

h 3.8 I 845 
v 

1.60 2.5 565 
3.7 840 

1.70 2.5 565 

1.80 1 2.5 565 

1 I 

f 7 7  840 

i 

3 . 8  
2.5 

1- I 3 . 7  

i 2 .!IO 
1 
I 2.5 

2.5 2.50 I 

Ames Task,Mark IV I BALANCE UTILIZED: 

I 840 
555 

, 820 

5 30 
I 

so5 

1 r 

CAPACITY: 

I 3.7 I 760 
v 

ACCiJ RACY: 

1 

COEFFICIENT 
TO L E R ANCE : 

NF 

SF 

A F  

PM 

R M  
YM 

COMMENTS: Balance used to determine model/sting deflections only. 
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TABLE I (b) 

MACH (YUMBER 

,hes Task, Mark IV BALANCE UTILIZEC: 

CAPACITY: ACCURACY: 
COEFFICIENl 
TOLERANCE: 

NF 

SF 

AF 

PM 

RM 

YM 

COMMENTS: Balance used to determined nodel/sting deflections only. 
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TABLE III - MODEL DIPiENSIONAL DATA 

Lewtb, in. 

Msx, Ma. in. 

Max Ikpth 

Fineness %ti0 L/D 
2 Area, it 

Max. Cross-Sectional 

Planr’OI-Iii 

Vetted 

A/A 

55.471 

27.710 

- 
2.376 

H/A 

2.9635 

7-31 

aaae 
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R/A 2.691 



- 
TABLE I11 - (Continded) 

13ut. Dia., (Bcan Master), in. 8.75 

-le of Incidence, dcg. - -5.0 -5.3 

Area, in. 2 

Xux. Clrcular Cmss-Sectional (koa) 32.75 1.629 
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X 3 L E  I11 (Concluded) 

Y9x. Cia. 
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e-- - 1.313 
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Pressure '*as 
na=le or B 

Ppitot 

Plover 

Plcf t  

2 

3 

4 

-9 

10 

11 

Me1 
Locrrti on 

E'deel 8 
Statton Derrees 

22 .go6 
22 .$a5 00 30° code surface 

- Tip of conic probe 

22.986 

22 .* I 

22.986 

goo 30° conic surface 

180' 30' conic surface 

8 0 0  30° COAC surface 

30.100 00 'Tank ogive surface 

30.100 90' @?re sariace 

30.100 180O %.nk ogive surface 

30.100 ZOO TWA ogive surface 

24.220 

24 . P O  

25.620 

180° 
I 

00 40' conic cap 

00 Uo conic cap 

00 40' conic cep. 
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